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LYTROmcnON 

Raman and infrared spectroscopy have been applied to the examination of 

various cesium aluminosilicates, all similar to the mineral pollucite. The 

samples examined in this study were furnished by J. K, Johnstone/5846. Sandia 

Laboratory's interest in pollucite is based on the ability of this material 

to take up proportionately large quantities of Cs. Sandia is planning to 

exploit this property and use a pollucite-like material to incorporate (radio­

active) Cs, a nuclear reactor byproduct. This material can then he used 

as a gamma-ray source for beneficial use programs. 

Our choice of Raman and infrared spectroscopy to examine these samples was 

motivated by the ability of these techniques to determine atomic structures. 

These spectroscopies detect vibrational modes that involve the atomic con­

stituents, and these modes in turn can be related to the structure of the 

material. In addition to the basic structure of the material, atomistic de­

fects and molecular inclusions in the structure can be observed. Examples of 

these types of species are broken bonds and water. Structural information 

is useful in at least three ways: (1) structural differences resulting from 

the method of preparation can be founJ; (2) structural changes as a function 

of some interaction, say with gamma radiation, can be assessed; (3) precusors 

to or the onset of gross mechanical change may be seen. In this last situation, 

for instance, soft modes that precede the occurrence of solid state phase 
2 

changes have been observed with Raman spectroscopy. Ultimately, information 

about atomic structure can be related to the mechanical behavior or integrity 

of the material. 
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With these goals in mind we have developed a three point program to study 

pollucites: (1) to obtain the "reference" Raman and infrared spectra and to 

correlate them with the structure of poUiicite; (2) to simulate the gajnsaa-

ray dose to the material and/or the effects of the transmutation of Cs;"5 

(3) ultimately, to work directly with the radioactive material. 

At this point in the study, most of the effort to complete objective (1} has 

been done. This memo will be devoted principally to the discussion of these 

results. Some experiments with radiation simulation will be mentioned briefly. 

'Yhe objective of working with hot material will be discussed in the proposed 

program portion of this paper. 

We have included discussions of sample preparation, politicite crystal symmetry, 

Raman spectra of crystalline, mineral, and ceramic forms, a crystal -to -j>lass 

comparison, IR spectra, water in pollucite, radiation simulation experiments, 

conclusions, and a proposed program. 
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POI.LUCIII: SAMI'I.hS 

Three candidate samples of cesium aluminosilicates for ' Cs incorporation, 

all similar to pollucite, were examined (See Table I). These were prepared 

by J. K. Johnstone, 5846. Each of these three had a slightly different com­

position. Samples H-260 and H-275 were prepared from reagent-grade chemicals, 

while H-273 was manufactured from CsOH Montmorillonite clay. All were pre­

pared in the same manner: hot pressing a dehydrated powder near l(]00°t:. 

These samples are shown in Figure 1, where 11-275 is milky colored, H-2(i0 is 

partially translucent, and 11-273 is black. Raman and infrared reflection 

spectra were successfully taken from all these materials. Raman light scatter­

ing from 11-273 and 11-275 was limited to the near-surface region. 

Two other sample types known to have pollucite formulations were also examined. 

One was a mineral (See Figure ] and Table I for the chemical formulation) and 

as such was polycrystallino. The others were laboratory-grown, hydrothermal 

crystals obtained from S. A. Gallagher and G. McCarthy of Pennsylvania State 

University through J. K. Johnstone. Some of the small crystalline samples on 

a fixture used for light scattering are shown in Figure 2. 

In this work we correlate Raman scattering and infrared spectra with the known 

crystalline structure of pollucite a, . look for variations in other cesium 

aluminosilicate structures based on change in these reference spectra. 

Follucite has cubic symmetry - 0. (Ia3d). Table I lists the stoichiometry 

of the mineral pollucite and of the pure-phase crystals (the hydro-thermal 

crystals). Other alkali oxides, principally Na.,0, are present in the pollu­

cite mineral. Also, mineral pollucite is known to be a zeolite with four 
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water molecules per unit cell. In the case of the pure-phase materia], no 

other alkali oxides are present, and there is no water. In both cases, 

however, the space group is 0. (Ia3d). * 

Two dimensional projections of four unit cells of pollucite are shown in 
A 

Figure 3. An aluminosilLcate framework is the basis of the pollucitc struc­

ture. The silicon and aluminum are fourfold coordinated with the oxygen atoms, 

forming tetrahedra that are the basic building blocks of the framework. The 

structure is composed of 4, 6, and 8 member rings of tetrahedra. The Si and 

Al are randomly placed at the tetrahedral sites in the crystal. To establish 

the fourfold valency of aluminum, an electron is garnered fran an alkali atom. 

Consequently, in all the aluntinosilicatc structures with which ue will be 

dealing, the Cs ?0 to Al-,0, ratio is 1:1. In the aluminosi licate framework, 

sixteen large cages are formed in each unit cell. These have diameters on 

the order of 6.8 A and contain Cs or II 0 molecules. ^ n w n a t follows, we shall 

be interested in finding the modes that can be characterized with the movements 

of the bridging oxygen atoms between tetrahedra, modes of the tetrahcdral 

framework, and modes that predominantly involve Cs. 

It should be noted that two other crystalline formulations of cesium alumino-

silicate have been found. These are Cs-0 • H ?0 • 2Si02 and Cs 20 - H-0 • 

lOSiCL, and neither is cubic. In all of our spectral results to date we 

have seen no evidence of a material that has other than cubic symmetry. 

RAMAN SPECTRA OF CRYSTALLINE POLLUCITE 

The first step in our program has been to obtain and understand the spectra 

of the pure-phase pollucite crystals as a stepping-stone for interpreting 
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structural alterations that might occur in other cesium aluminosilicates. We 

are most fortunate to have crystals oi" the pure-phase material and a sample 

of the mineral to examine. As mentioned, hoth materials have a space group 

symmetry of (X . The crystals are very complex and have a large number of 

atoms in the primitive cell, resulting in some 250 normal modes for the pure-

phase crystal. Not all, however, are either Raman or infrared active, as 

shown in Tabic II. Also shown in Table II are the polarizahility tensors 

and infrared activities of appropriate modes. Because the irreducible symmetry 

inversion operator is one of the space group operations of 0. , the active 

modes are cither Raman active or infrared, but not both. 

Theoretically, the A, H, and F modes [the singly, doubly and triply degenerate 

modes) that are Ranan active can be distinguished. However, this resolution 

necessitates alignment of the crystallographic axes with the scattering axes 

of the equipment. Clearly, this procedure cannot be done in the case of the 

polycrystalline samples. Unfortunately, the pure-phase crystals were very 

small polyhedra clumped together with dimensions ^ 150pm; consequently we have not 

yet been able to j^ign the crystallographic axes with the scattering axes of 

the crystals. Nevertheless, the A modes can lie separated from the I; and F 

modes; the A modes have a diagonal polarizahility tensor, and therefore, 

under any coordinate axis rotation, the scattering fro-n them will remain 

polarized. This property is not the case for the E and the 1-' modes; they will1 

present both polarized and depolarized spectra. 

Table II also lists the atoms that participate in the various symmetry modes. 

The normal modes are built up from the symmetry modes of the same irreducible 

character. The interesting point is that for the Raman-active modes, only 
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those modes of li or F character will contain a mode that involves the motion 

of Cs. Further, the number of these is limited to 2. 

A comparison of the polarized and depolarized spectra from pure-phase politicite 

is shown in Figure 4. A list of the identifiable resonances seen in pure-phase 

pollucite is in Table III, along with the assignment of the appropriate irre­

ducible symmetries. Due to the crystal complexity no attempt has been made 

to determine completely the atomic contribution to all of .he normal modes of 

pollucite. A qualitative statement about the atomic character of these modes 

can be made, however. The band at 1100 cm" is the oxygen stretch of the SiO 

bond. This band has been identified with the oxygen stretch of the AI-0 bond. 

Both of these bands are composites of several normal resonances involving oxy­

gen movement. A series of sharp and symmetrical resonances dominate the spectrum 

at lower frequencies from about 498 to 70 cm~ . All of these except one, we 

believe, are vibrations of the aluminosilicate tetrahedra in the crystalline 

framework. The one exception is the band at 200 cm" . Mc will reserve dis­

cussion of this mode to the comparison of the mineral with the pure-phase mater­

ial. Finally, a series of resonances has been detected between 500 and 1000 

cm , and these are complex vibrations involving all of the atoms of the unit 

cell. 

A comparison of the Raman spectrum from the mineral and that from the pure-

phase material is shown in Figure 5. Resonances seen in the mineral are listed 

in Table III. The spectra from the two materials are remarkably similar. i"he 

oxygen stretching bands are in agreement, as are modes associated with the 

external vibration of the framework. Furthermore, when the weak bands in the 
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material could lie Jet octet' they too agreed. The mode at 2(W an , however 

is very weak in the mineral in comparison to the pure-phase material. In the 

crystal spectrum this mode was assigned to the irreducible symmetry of Y. or F, 

Now in the mineral there arc 12 atoms of Cs per unit cell instead of the 16 

that exist in the pure-phase crystal. In the positions of the missing Cs 

atom are water molecules. The weakening of the mode is probably due to the 

loss of trauslational regularity of the Cs atoms, implying that this mode 

involves the participation of Cs. Supportive of this assignment is the ob­

servation that in the Argon matrix formation of CsO., low frequeue)' nodes near 

201) cm have also been observed. Thus, 200 cm resonance most likely in­

volves Cs atom participation. 

RAMAN SI'HtTRA OF CI-RAMIC CliSllJM .UUMINOSILICATFS 

Two of the SLA-prepared materials appeared to he ceramic or polycrystalline 

materials. This conclusion is rather straightforward when the Hainan spectra 

of the ceramics are compared with that from the crystals (See Figure 6), and 

also when the resonant frequencies are compared (Sec Table III). In Figure 6, 

spectra from the crystal pollueitc, the mineral pollucitc, and the pollucite 

samples 11-275 and H-273 are displayed. There is good agreement among most of 

the resonances JII Frequency position, relative intensities, and line shapes, From this 

general agreement it can be inferred that their basic structure is very similar. 

In addition, from the fact that most of the lines are symmetric and sharp, 

it can be argued that the scattering is occurring from a system of highly 

regular order, i.e., crystals. Finally, the widths of these symmetric lines 

indicates that the crystalline sizes are at least on the order of the wavelength 
of light, 5000A. 
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There are some differences amongst these spectra, as can be seen in the frequency 

regime near 1000 cm" . Here one material (H-273) exhibits a different behavior: 

an extra band appears at 973 cm" , and there is weakening of the bands at 1000 

and 1100 cm" . A possible explanation for this behavior is the disruption of 

the Si-O-Si or Al-O-Si bonds joining tetrahedra. The bands at 1000 and 1100 cm 

previously were associated with this bridging. Other studies have identified a 

band near 973 cm" in silicate materials as being due to the oxygen stretch of 

a dangling or non-bridging Si-0 bond. ' Lattice disruption - resulting in 

dangling oxygen bonds - might be expected at that sample, because it was made 

from Montmorillionite clay and CsOfl. The clay contained a large percentage of 

impurities which, when incorporated into the material, could break oxygen bonds 

connecting tetrahedra. (See Table II.) Another interesting observation, based 

on the comparison of Raman spectra, is that in going to the silica-rich formulation 

of cesium aluminosilicate (H-275) the basic structure does r.ot seem to have been 

altered much from that of pollucitc. Apparently the basic aluminosilica tetra-

hedral framework is retained, with prooortionally more silicon atoms than aluminum 

atoms in the H-275 formulation. This premise is also in agreement with the obser­

vation that the band at 1000 cm"" (the Al-0 stretch) in comparison to the band at 

1100 cm" (the Si-0 stretch) is weakened in the case of H-275 as compared to the 

pure-phase pollucite. Note also that the band at 390 cm is strengthened rel­

ative to the band at 300 cm in increasing the Si content in H-275 from the crys­

talline material. This result suggests that the mode at 590 cm involves Si, 

while that at 300 cm involves Al. 
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RAMAN spi-.cnn OH vnupi!*is w u r T i r 

In Figure 7, a comparison of the Raman spectra from sample U-Zt'ii and crystalline 

pollucite is shown. In contrast to die similarities discussed before, now sig­

nificant differences between the spectra can he noted. New Hainan-active nodes 

have appeared, bands have broadened, and the symmetrical shape of the hands has 

been lost. All these features highlight the conclusion that there is a difference 

in the state of the material, and it can be shown that this difference arises be­

cause the H-260 sample is amorphous. 

Included in ."igure 7 is a Raman spectrum of a vitreous silica, Suprasil 1. 

There are a number of notable similarities between it and that of ff-200; for 

instance, the broad structureless scattering below 400 cm , and the alignment 

of a number of peaks. This comparison underscores our conclusion that 11-260 

is amorphous. Additionally, there have been reports of Raman spectra of other 

ternary systems, similar to the one that we are dealing with, which were known 

to be amorphous. Figure 8 is a reproduction of spectra obtained from sodiirji 

borosilicate glasses, about which the author concluded that he was dealing with 

a glassy system, predominately SiO- in nature. There is a remarkable similar­

ity between the spectrum labelled 3 and that obtained for ll-2(>fl, which further 

strengthens our conclusion that H-2G0 is a glassy material. 

Some additional conclusions about the character of various resonances can be 

made in intercomparing the three spectra in Figure 7. Vitreous silica, in 

one important feature, is very much like the aluminosilicate materials: it i 

made up of interconnected tetrahedra. In the case of silica they are all S 

tetrahedra, and - in the vitreous state - randomly connected. Now note that 
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in both cesium aluminosilicates there is a band near 300 c m , which doe^ not 

occur in vitreous silica indicating that this mode involves Al. A band near 

400 cm" exists in all these spectra. This band previously has been identi­

fied as involving Si ; it is appropriate in the case of pollucite to do so 

also, Furthermore, in silica the band at 800 cm is known to be due to oxygen 

in plane-stretch of the Si-O-Si bond. Again, we will make this assignment 

in the cesium aluminosilicates. We are left with two bands that are coincident 

in these materials that have not been satisfactorily identified in vitreous 

silica: those at 480 and 600 cm" , We tentatively suggest that the mode at 

400 cm" is an external vibration of the framework with the tetrahedra moving 

as units, and the 600 cm mode quite possibly depends upon some local co­

ordination of atoms in neighboring tetrahedra. 

IR SPECTRA OF POLUICITF. AMD CERAMIC CESIUM ALUMINOSIUCATES 

By far the simplest method of obtaining IR spectral data for thick, insulating 

materials (such as the present pollucite samples) is to examine the material 

by specular reflection of a near-normal indicent beam. Unfortunately, large 

changes in the refractive index across vibrational bands distort the band shapes 

and intensities relative to transmission IR measurements and Raman spectra. To 

avoid this difficul cy we proceeded by the well-known technique of suspending 

a few milligrams of material in an IR-transparent KBr pressed disc. 

Tnese absorption spectra from the region 400 to 1S00 cm" are presented in 

Figure 9. Reflection spectra from 100 to 1500 cm" are shown in Figure 10. 

From a comparison of observed Raman and IR frequencies in Table III, the non-

correlation of modes for the two techniques, as predicted by the selection 
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rules for the cr}'stalline materials, is confined. In agreement with the 

Raman spectra, the IR bands for the pure-phase riaterial appear slightly broader 

than for the crystalline materials, consistent with the presence of an amorphous 

pliase. This broadening is most noticeable in the bands between 700 and 800 on ; 

however, the effect is not nearly as apparent as in the Raman spectra. 

The intense band around 1030 to 1050 cm for all samples is composed of a number 

of modes; its center is shifted down considerably from the analogous peak of 

1090 an" observed in vitreous silica, but correlates well with IR spectra for 

other aluminuosilicates. (Kaolin clay, for example, has a broad, multistructured 

band in this region with a maximum intensity at 1035 cm" . ) The peaks near 

760 to 780 cm" correspond to a peak in vitreous silica at 790 cm" , while 

peaks from 750 to 625 cm" correspond to observed bands in alumina fAr70_). 

The very intense band observed in all the reflection spectra from 445 to 455 

cm" is observed in both Afc-O, and SiCU* The remaining observed IR band is a 

sharp peak seen in the reflection spectra at 156 cm" in all cases. While ':here 

are bands observed at J.50 and 170 cm" for SiO- and A£ ?0-, respectively, these 

are very weak features compared to the present data. Although it is conceivable 

that the feature at 156 cm could be related to Cs atom motion, a more positive 

assignment must await definitive experiments with similar aluminosilicate systems 

not containing Cs. 

WATER IN POLLUCITE 

A search was conducted for water in all of the pollucite materials. In the 

glass, ceramic, and pure-phase crystalline pollucite materials, no detectable 

quantity of OH was found in either Raman or IR spectra. 
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Ikiwever, water is known to he abundant in I In- mineral not Inc i te (See '(able I ) . 

Indeed, we found v ibra t ions that fan he i den t i f i ed wi th the water molecule 

hoth in the inf rared and Hainan spectrum o f the minera l . fSee Hj ;u ics IJ l, I.'J 

The fnit\ucncy peaks o f the water resonances aie in TahJe I I I , where they are 

compared wi th those o f an isolated water molecule. '' In agreement wi th tin-

isolated water molecule, the three peaks seen in | K I I I nc i te have the correct 

Unman and in f rared a c t i v i t i e s and have s im i l a r v ib ra t i ona l frequencies, from 

th i s i d e n t i f i c a t i o n we conclude that wafer in pol I nc i te is a monomer . It is 

known that water in a l i q u i d polymerize-,, and that t h i s polymcri.'.at ion dta 

s l . i ca l l y a l te r ' , the Kamau spectra from that of t lie isolated molecule. ' 'inch 

a l te ra t i ons have no I been \een here, supnoi I ini'. our con< In-, i<m fha' v;.ili-i i . 

in [K i l l uc i l e as ind / idual mole«ules, monomers, ( " ina l ly , i t is uuv.t probabl<-

tf;L!t the monamerk ..ale; - molecule resides in the !aij*.e oxyj>cn caye. in the 

aliiminos j I k ale framework i c h r i r J to c a r l n - i . However> loi watei H I pol io. ; t . 

- in comparison tu ir.ojatird water vapor - t l - i e has been a down - .h i l t in Ir<<|ui 

l i ne broadening, and the format ion of low frei| i icnry t a i l s in the symiiel i n an<l 

asymmetric s t re tch ing hands. IVcr bel ieve I I1.-1I these e f fec ts are inosed by 

hydroj'/'ii hondinj1. of the water" molecule to the o.tyj;eil atom-", that fonn i t s ta j ;e . ' 

RADIATION SIMULATION .-rilfjll l£Ti 

'I'wo prel iminary tests have been purfonned to simulate rad ia t ion c f f e i f s in 

p o l h i c i t e . In the f i r s t , t lie three S\A samples o f pol i t ic il.e were i rrad Sated 

w i th Co JJ.'IIIUIL'I • rays at the I.hi. rad ia t ion f a c i l i t y to a dose o f I x J(.' r a d \ . 

In the post- test examination no a l t e r a t i o n of the Kaman spectra wis observed. 

Another rad ia t ion test was t r i e d wi th inconclusive resu l t s . Samples II ?.'!':> 

and H-275 were i r rad ia ted wi th a M) keV e lec t ron beam, to a t o ta l dose o f 
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'• 10 K i d s . I 'o . l 11". I . v . l ) I l i . l t i nn . i--. l l V r . l l . .1 no -.pe. I i . i l . l l l i - I . I I i o n . I I 

tlioiif'.b t h i s conclusion could In- mislead inj; for I lit- i n l low nit; rc.i .inr.. I li<-

e he:un r;iili;i :i was believed to he .leposi ted |.< .1 depth of about le in:i. Due 

to absorption of lit'.'"' >" , n i " " •'•'» —- ••m | > 11 - and \ ty.Ul -.1 at 1 <-|- irij- 111 I In- II . ' ' ' . 

sample, tin* |K)il inn o f tin- material sampled by f-C. 1111.111 -.i al ter i i i j ' . uas also ton 

fined to a ri'j'.ion near tin- surface, l lnfor lunate' .v, the exai t depth ut pew 

( ra t i on of the 1 ij'.lil beam is not w*l( known in e i the r iase. In (he n i a d i a t e d 

samples, Hainan si at tc i in r , could have been probim; to a depth •. i^ni t i> .ml Iv 

greater than (In* e beam peuet rat ion. hi (h i ' . 1 a-e the snnial limn lh<- un 

i l l :nl 1.1I <«l voliiiiH- o f material could th in obscure tin- M I N I . I ! IVOIII (In- ( 1el.1l t i'e J v 

• l u l l l i r rad ia ted port 1011. On tin- basis ol tb i - . -.1i1v.lt- experiment it . jiimul 

he -.af.-lv ton. luiled (bat tin- p o l l u r i t e -. t un Inn- was unal ' l i t I ed In th«- In Ii 

level of t.uliat ion. 

owt:uisi(Ws Aumrr mi: u:;i; oi- KAMAN AND INIKAIMJI si'hiTin'ioipy 

liii- Hainan spi-etra of i"i y-.tal I ine p o l l u r i t e ;ue now known. These w i l l serve 

a-. I he ha-.c [ fhij'.erpr i lit ) spei t 1 a , which 1 an IK- used to ideiit i I v < 1 y . t a l I nn-

pol io, i t .- and to asses, strut t u i a l a l t« ia l i on , . 

( a y . t a l 1 me form1; tan be d i s t i l , ished from amorphoii-. lonir; o f po l lm Me. 

Thuii, changes of state in a material that tui^bl al lei t mechanical i i i te; ' i 11 y 

can be observed, (.'.}'.. , radiat ion -induced d.-v i 1 r i I icat ion. 

Successful exaininal ion of mater ia ls from c lear to black and from the si/.e of 

micrometers to eeiil.iiuel ers has been accomplished. 
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suca-sii-i) pioawi 
A program is proposed to accomplish the three objectives outlined above: tlie 

characterization of pollucite, radiation simulation, and working with radio­

active material. 

A. Characterization of Pollucite 

Definite progress hn$ been made in identifying and unravel Ling the 

Raman and IR spectra of crystalline pollucitc. Additional effort 

is needed, however, to verify the modes associated with Cs. 'Jwo 

approaches will he taken. The first will involve aligning the 

crystalline pollucite with the optical axis of the sea tiering- experi 

ment allowing the separation of the H. t and F,f modes. The second 

is to compare the Raman spectra of pollucitc to analciine, which has 

the identical crystal structure to pollucitc, but does not contain 

Cs. The appropriate Raman spectra must be obtained in the laboratory. 

Further characterization will be necessary of ti)e form of [lollticite 

selected to he used in the beneficial-use program. Raman and infrared 

spectroscopics, as demonstrated, could he used to obtain import ant-

structural information about these materials. Thus, Raman and IR 

measurements should be included in the studies to develop pollucJte-

like materials for the beneficial-use program. 

B. Radiation Simulation 

Pcllucite could receive doses approaching 10 rads during the pro­

posed 90 year source lifetime. Possible ways of simulating this dose 

include Co and e-beam irradiation. Presently very hot Co sources 
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are available at the Savannah River Plant, Aiken, South Carolina. 

Use might bo made of this facility. furthermore, las discussed above), 

j.iitial attempts with e-beaiii radiation have already been trial. It 

is proposed that these experiments he exp;uidcd, in conjunction with 

determinations of the optical skin depth of the appropriate materials. 

Another method to achieve radiation deposition alone (without trans­

mutation) would be to make use of the Cs-pullucite sources planned 

for fabrication at Oak Kidge. Here the base material, not incorpor­

ating the radioactive Cs, could be placed around the hot sample. 

These samples could be periodically removed and ex.uuined in the lab­

oratory. 

Pinally, it is known that a major effect on the crystal structure 

could come about through the transmutation of (Is to Ha . This 

valence change could disrupt the crystal structure. Neutron irradiation 

experiments have boon used before to simulate transmutation, for ex­

ample, the conversion of boron to helium in borosilicate glasses. 

Such neutron-generated transmutation effects might be used to simulate 
20 valency changes in pollucite. 

iixamination of Radioactive Material 

Remote Raman spectroscopy could be u>ed to examine hot materials. This 

procedure could be accomplished fairly easily, because only three types 

of apparatus need be placed in the radiation environment. These would 

include two lenses - one for focusing the laser into the sample and the 

other for collecting the scattered light - mirrors to direct the light 
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beams, and positioning stage*. All of the sophisticated equipment, 
including the laser, spectrometers, and electronics, would be outside 
the radiation environment. These sampling techniques are already being 
developed for use with tritium in the Tritium Research Laboratory at 
SIX. Such a system might be designed for hot cell use at SIA. 

AC'KNOwi.ra)niM-:m's 

Or. L. A. Rahn has given us much useful advice in the interpretation and seltiuj; 
up of the Raman experiments. S. Vasey has been of valuable assistance in setting 
up and designing the technical aspects of the experiment, and 1.. Otta collected 
the majority of the infrared data. 



References 

1. This program is being conducted .'it Sandia Laboratories, Alhuc-iiea-ue. 

Responsibility for the material development resides with J. K. Johnstone. 

2. J. F. .Scott, "Soft Mode Spectroscopy: lixpcrimciital .Studies of Structural 

Phase Transitions," I'ev. of Mod. Phys. 46 (1), 83 (74J. 

3. K. IV. Do Ian, "Radiation Displacement Damage Estimates for a Radionuclide 

Waste Stabilization M^erinl," SA.MD7ft-82o(> (1/77). 

4. Richard M. Heger, "The Crystal Structure and Chemical Composition ol" 

I'ollucite," Zest.Fur Kristal., ]_2j) 281) «><>); R. I*. Mewnham, "Crystal 

Structure and Optical Properties of I'ollucite," Am. Miner. f>J, IMS (67). 

!i. S. A. Gallagher and G. J. McCarthy, "Preparation and X-Ray Characterization 

of CsAISiO^," Mat. Res. Hull. IJ, 1183 (77). 

(). R. M. liarrer and N. M. Galium, "Hydrot henna! Chemistry of Silicates," 

J. Chum. Soc., -1(12*.) (S3). 

7. Jim I t o , "Crys ta l Syn thes i s of a New Cesium Aluminos i1 ica ie , CsAISiO " , 

.Am. Mill. b\_, 170 (70) . 

8. Marvin l l a s s , "Raman Spect ra of Vi t r eous S i l i c a Connania and SodMim S i l i c a t e 

G l a s s e s , " J . Phys. Chem. S o l . 3 ^ , 415 ((>!>). 

!). Robert G. Milkey, " In f r a r ed Spec t ra of Some Tec t ros i 1 i c a t e s , " Amcr. Miner . 

4j>, !)<)() ( 00 ) . 

10. J . II. Mackenzie, cd . Modern Aspects of t he Vi t reous S t a l e Ulut t envoi*ths, 

l.andau, I!>6D), p . 13ft; It. J . lie 11 and P. Dean, "The Local ized V i b r a t i o n s 

of Non-Bridging Oxygen Atoms in Vi t reous S i l i c a , " Local ized ILxci t a t ions 

in S o l i d s , P roc . of F i r s t I n t . Conf. a t U.C. I r v i n e (Plenum P r e s s , N .Y. , 

1968) . 

1 1 . Char les M. Ifartwig and Larry A. Rahii, "Hound Hydroxy 1 in Vi t r eous S i l i c a , " 

J . of Chem. Phys. 67 ft)), 4260 (77 ) . 

21 



12. T. A. Sidorov, V. A. Tylukin, and W. V. Prudrikora, "Raman, liPR, Infrared, 
and Electronic Absorption Spectra of Sodium Borosilicate Glasses," ih. Prik. 
Spectr. 9 (6), 992 C6B). 

13. P. Dean, "The Vibrational Properties of Disordered Systems: Numerical 
Studies," Rev. of Mod. Phys. 44 (2), 127 (72). 

14. R. A. Nyquist and R. 0. Cagel, Infrared Spectra of Inorganic .'anpounds 
(Academic Press, New York, 1971). 

15. Gerhard Herzberg, Infrared and Raman Spectra (D. Van Nostrand Company, 
Inc., Princeton, N.J., 1968). 

16. W. F. Murphy and H. J. Bernstein, "Raman Spectra and an Assignment of the 
Vibrational Stretching Region of Water," J. of Phys. Chem. 76, 1147 (72). 

17. Charles M. Hartwig and Larry A. Rahn, "Anomalous Hydroxyl Modes in Vitreous 
Silica," Bull, of the APS 22 (3), San Di<:go, CA, March 7. 

18. The suggestion was made by Larry A. Rahn. 
19. V. O. Altemose, "Outgassing of Glass caused by Thermal Neutron and Garona 

Radiation," J. of Am. Ceramic Soc. 4£, 446 (66). 
20. Such a technique has been suggested by John Vitko, Jr. 



Table I 

Cesitmi Alumina-Silicate Samples 

A. Hot Pressed Powders 

Cs 20 • A1 20 3 • nSi02 

Designation 

11-261) 

H-273 

11-275 

B. Crystals 

Mineral 

6 Cs 2 0 • 2Na20 • 8 A^CL • 32 S107 • 4 11,0 

Pure-Phase 

Cs 20 • Al 2D. • 4 SiO, 

Physical 
Appearance n Impurities 0<A) 

Transulent 7.5 

Black 4.0 6.5 

Milkv 6.6 



Raman 

A 
Crystal 

Polarized 69 

Depolarized 69 

Mineral 71 115 

H-273 72 

H-275 

H-260 

Table III 

Hade Frequencies of Pollucite 

140 200 

141 201 

129 

82 106 133 205 271 

107 

E*F 

297 393 477 

297 392 477 559 610 652 711 

197 268 297 392 478 520 667 

277 296 387 472 670 

300 388 476 597 667 709 
383 485 

-E*F -

1044 1114 

807 861 920 1016 1108 

1043 1120 

973 1076 

771 809 851 1044 1114 

788 1002 1122 

Infrared 
F 
155* H-260 

H-273 155* 

H-27S 155* 

Mineral 

S-Shoulder 

* - Reflection Spectra 

Water in Mineral Pollucite 
Raman 3602 

IR 3650, 3545 s, 1627 

F F F F F F F F F 
384* 455* 595 720 775 1000s 1050 1180! 

384* 442* 622 690 s 728 758 995 1040 1190s 

384* 446* 626 690 s 727 761 980 s 1030 1125" 

441 625 695 s 732 763 1032 1120' 



Character 

lg 

Table II 
in Normal Modes for Srystalline Pollucite 0, (Ia3d) 

Raman IR 
Polarizabilitv Active 

XX + YY + ZZ 

No. of 
Modes 

Symmetric Mode 
Composition 

0 Cs Al S Si 

/ • 

XX + YY + ZZ, 
3 (XX - YY) 

10 

2g XY, YZ, ZX 14 

28 
/ 

X,Y,: 

Total number of normal modes = 250 







Figure 3. Two dimensional Projection of Four Unit Cells of Tollucite. The solid 
circles are Cs atoms 1/8 of the side of a unit cell above the bottom 
face and the shaded circles are 3/8. 
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Figure 4. Polari:cd and Depolarized toman Spectra of Pure-phase, Crystalline 
Pollucite. 
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Figure S. Raman Spectra of Pure-Phase, Crystalline Pollucite and Mineral Pollucite. 
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Figure 6. Raman Spectra of Crystalline Forms of Cesium Aluminosilicate 
Materials. All of the samples examined were crystalline on 
polycrystalline materials. 
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Figure 7. A Comparison of Kanan Spectra of Pure-Phase Crystalline Pollucite, Vitreous 
Pollucite a.-- Vitreous Silica. 
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Figure 10. Infrared Reflection Spectra of Cesium Aluninosilicate Materials. 
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Figure 8. Raman Spectra of Sodiun Borosilicate Glasses . 1 2 



500 1000 

Wavenumber (cm - ') 
Figure 9. Infrared Absorption Spectra of Cesiimi Aluminosilicato Materials, 
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Figure 11. 
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Raman Spectrum of Water in the Mineral Pollucite. The Raman spectrum of hydroxyl in vitreous 
silica is included for reference. The band observed is due to the symmetric stretch of the 
triatomic molecule. 
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Figure 12. 
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Infrared Absorption Spectrum of Water in the Mineral Pollucite. The band at 3650 an is due 
to the asymmetric stretch and the band at 1 27 cm" to the bending frequency of the triatomic 
molecule. 


